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FLOODS IN OHIO MAGNITUDE AND FREQUENCY 

by Sari 2. Webber and William P. Bartlett, Jr,

ABSTPACT

Techniques are presented for estimating the magnitude ana 
frequency of floods on Ohio streams. Regression analysis is used 
to develop equations which relate physical and climatic factors 
of river basins to peak discharge at stream gaging stations. The 
equations can te used to estimate flood magnitudes with 
recurrence intervals from 2 to 100 years on drainage areas 
between 0.01 and 7,400 square miles (0,03 to 19,200 square 
kilometers) . A summary of flood and watershed data for gaging 
stations with 10 or more years of record is included, Records 
for 215 gaging stations are used to develop the regression 
eguations. Flood records of streams with significant regulation 
or urbanization are excluded from this analysis.

INTPODUCTIQN

Flood magnitude and frequency data for st-reams are utilized 
in the design of dams, bridges, and other structures. Flood data 
are also needed for flood insurance studies, regulatory 
activities, and land zoning.

This is the fourth Ohio flood-frequency report prepared by 
the U.S. Geological Survey, The first three, Bulletins 7, 32, 
and 43 (Cross, 1946; Cross and Webber, 1959; Cross and Mayo, 
1969), were prepared in cooperation with the Division of tfater of 
the Ohio Department of Natural Resources. This report is based 
on streamflov records through 1975 and contains 10 mor^ years 
(196P-75) of data than Bulletin 43, This study began in 1965 as 
an investigation of 20 small drainage areas. It was funded as a 
cooperative study between the U.S. Geological Survey and the Ccio 
Department of Transportation and the Federal Higaway 
Administration, to better define flood magnitudes and frequencies



for small
drainage
U3.

areas in Ohio. Subsequently it was expanded to include 
areas of all sizes as a state-wide update of bulletin

The purposes of this report are: (1) to present flood-peak 
 lata for gaged streams and (2) to outline methods for estimating 
magnitude ana frequency of flood peaks at ungaged sites on 
unregulated streams which drain primarily rural areas. Economics 
no not justify collection of data at all potential flood sites in 
nhio. 3y relating peak flows on unregulated gaged streams to 
basin characteristics, relations may be developed for estimating 
f loc"L magnitude and frequency on unregulated ungaged streams.

Conversion factors for English units to metric units

multiply English units

inches (in) 
feet (ft) 
mil*s (mi)

square miles (mi 2 )

cubic feet per second
(ft3/S )

by 

Length

25.4
.30U8 

1.609

Area

2.590

Flow

.02832

to obtain metric units

millimeters (mm) 
meters (m) 
kilometers (km)

square kilometers (k

cubic meters per second

Metric units can not 
Qse English units to compute 
second, then multiply by 0, 
second. Metric equivalents 
limitation of space.

be used in the regression equations, 
the discharge in cubic feet per 
02832 to convert to cubic meters per 
are not shown in tables due to
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DESCRIPTION GF APSA

Hhio is divided, diagonally, from southwest to nortneast D^ 
the line of glaciation. The northwest corner is a very flat, 
glaciated, old-lake region; the southwest, central dnd northeast 
areas are rolling, glacial till plains; the southeast area i.; 
nilly and unglaciatad. Land elevations ran:re frcn a low of ^z,^ 
r 4- (137 tn) , in Hamilton County, to 1,550 ft (412 m) at t^e 
highest point, in Logan County.

The climate is temperate. Annual precipitation, whicr. 
averages about 38 in (960 HI in) is distributed rather u:;iformiy 
throughout the year. Pecords indicate that floods may occur 
anytime during the year with streams having large drainage art-cio 
iiore susceptible from January through April and streams havino 
small drainage areas more susceptible from Miy through August. 
Jnowfall is not a significant factor of Ohio floods except alone 
Lake Erie, in Cuyahoga, Lake, Geauga and Ashtabula Counties.

METHODS OF ANALYSTS

Methods of flood-frequency analysis at gaging stations a nc 
he application of the results to a regional analysis die



outlined in detail by U.S. Water Resources Council (W5C) (1976), 
Benson (1962) , 'and Thomas and Benson (1970) . The analysis 
consists of (1) determination of the magnitude and frequency of 
floods at individual stream -gaging stations and (2) development, 
through regional analysis, of equations for estimation of 
natural-flow floods on ungaged streams.

Flood frequency at gaging^stations

Ar.nual peak discharges on unregulated streams at 215 gaging 
stations, 206 in Ohio and 9 in Indiana, with 10 or more yeart ot 
record were used to develop the flood equations used in this 
r^oort. Locations of these stations are shown in tig. 1 and are 
listed in tables 6 and 7. Additional stations not used in the 
regional analysis because of regulation or special land use are 
also tabulated in tables 6 and 7. The annual flood peaks were 
analyze'! in accordance with U.S. Water Resources Council Bulletin 
17, (197£). in general, computations were performed for «roch 
station as follows:

(1) The m^an (M) , standard deviation (S) , and skew coef fici-.-f- 
(g) t were computed for the logarithms of th«=> 
observed annual-peak discharges.

(2) ^egionaliied map skew coefficients were selected from 
map in Bulletin 17 and final skews were computed 
as follows:

n ecords 25 years or less - used regionalized skew;
Pecords 26-100 years - computed weighted ?kew

from regional value and 
station value with 
record length AS the 
weighting factor.

(3) Logarithms of peak discharges (Q) at selected recurrent 
intervals were computed from log Q = M + KS. K was 
tak^n from Pearson Type III tables that relate



computed values of g to selected recurrence 
intervals.

frequency curves were adjusted for low outliers, 
if required.

(5) -v r^quency curves were adjusted for historic peaks 
and high outliers, if required.

4s mentioned above, methods described in a'PC Bulletin 17 (1 b?7c) 
were utilized in each of the above steps. Computed discharges 
.for selected recurrence intervals are tabulated in taalej 6. A 
typical flood frequency curve, developed for Little Beaver Creex
near East 
annual peak 
-xceedance 
prob^ bility 
probability

Liverpool, is shown in fig. 2. This shows computec 
discharges for a range cf recurrence intervals and 
probabilities. Recurrence interval and exceedance 
are reciprocals. Exceedance probability is the 

of a given flow being exceeded in any one year.

Regional analysis

p lood-frequency data often are desired for ungacec 
locations. One method of estimating flood-frequency data for 
ung?<3efl sites is based on regional analysis by Jiulti£o.fe- 
regir^ssioR techniques. Mathematical equations that relate pea/; 
discharges to basin parameters are developed through nmlti£i<- 
regression analysis of data for many gaging stations witnin a 
Refined geographic area. Basin oarameters for any ungaged sitt 
within the area may then be used in the developed regional 
equations tc compute peak discharges of selected recurrence 
intervals for the site.

Individual regression equations ware developed for peak 
flows, QT , where T is a recurrence interval of 2, 5, 10, 25, 50, 
aid 1CO years. Peak flow data for natural flow at gavjed sires 
(table 6) served as the dependent variables. Values of tn<r. 
following basin parameters, which were tne independent variables, 
were determined for all drainag  basins upstream from gages on 
unregulated streams;
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Drainage area (A), in square miles, as planimetered 
from U.S. Geological Survey 7.5 minute series 
topographic quadrangle maps and tabulated 
in Ohio Department of Natural Resources 
Report 12a (1967) .

Main-channel slope (Si), in feet per mile, 
was computed as the difference between 
th9 elevations at 10 and 85 percent of the 
channel distance from the gaging station 
to the basin divide, divided by the channel 
distance between the two points as determined 
from topographic maps.

Main-channel length (L) , in miles from gaging- 
station to basin divide, was determined from 
topographic maps.

Average basin elevation index (?), in feet above 
mean sea level, was computed by averaging 
the elevations at the 10 and 85 percent 
distance points along the channel as determined 
from topographic maps. The reliability of this 
method is discussed by Benson (1964). The 
characteristic used in regression analysis was 
average basin elevation index in 1,000's of 
feet above mean sea level.

Surface-storage index (St), in percent, is rhe 
percentage of total drainage area occupied ty 
laices, ponds, and swamps, as determined from 
topographic maps. The characteristic used 
in regression was surface storage index 
plus 1.0 percent.

Forest area (F) , in percent, is the percentage 
of total drainage area occupied by forest 
cover as determined from green tinted areas 
on topographic maps. The characteristic 
used for regression analysis was forest 
area plus 1.0 percent.



Soils-infiltration index (So) , in inches, 
for ^ach major land-resource area in Ohio 
was obtained by personal communication 
from the U.S. Soil Conservation 
Service.

Aver^ae annual precipitation (?), in inches, 
determined from an isohyetal map, shown in 
fig. 3, and published by the Ohio Department 
of Natural Resources (1962). The charac 
teristic used for regression analysis was 
average annual precipitation minus 27 
(in order to facilitate computations).

Maximum 2u-hour rainfall, in inches, having a 
recurrence interval of 2 years (I**,*) was 
determined from U.S. Weather Bureau 
Tech. Paper 40 (1961) .

Significant values of the above parameters for unregulated 
gaging stations used in the analysis are tabulated in table 7.

Regression analysis

Peak, discharges for each recurrence interval (Q a ,....,G^} 
were related to the above nine Dasin parameters in equations 
developed using multiple-regression techniques. Tne equations 
have th^ general form:

QT = aAx S y P z .... ;

where,

QT is peak discharge for a recurrence interval
of T years, 

a is the regression constant,



A, S, ? are basin parameters, and 
x, y, z are regression coefficients.

All nine basin parameters were used initially in each regreosior. 
and the regression constant, coefficients, standard error of 
estimate, and significance of each basin parameter were 
calculated. The calculations were repeated omitting the least 
significant parameter until only the most significant parameter 
remained. The five most significant parameters in descending 
order of significance are (1) drainage araa, (2) main channel 
slope, (3) average annual precipitation, (4) average uasin 
elevation, and (5) storage. Forest cover, rainfall intensity, 
channel length, and soil infiltration index were parameters found 
not to be significant in explaining variations in flood flows and 
are not included in the regression equations.

The step-forward multiple regression method was also used in 
which basin parameters were selected to be regressed using the 
parameter with the highest significance first, second highest 
n<=»xt, and so on. Only parameters at or above the 5 percent Ipvei 
of significance were used in this analysis. Both methods 
produced virtually the same results and no differentiation 
between them was made in this report.

Equations were derived using flood peak data at ^15 
stations on unregulated streams in a statewide analysis, for 
which th^ average standard error of estimate was 35 percent. 
This error indicates that the computed value of the flood peak is 
within about 35 percent of the observed value two out of t,hr«^ 
times.

To improve the accuracy, additional regression analyses were 
mad» in subareas of the state divided on the oasis of glacial 
history, plots of residuals (areal plots of differences between 
computed and observed flood peaks for gaging stations), 
^opography, and generalized soil regions. Five geographic 
subareas were thereby delineated (fig. 1) and regressions 
equations derived for each; the average of the five standard 
?rrors of estimate is 32 percent. The five geographic areas are 
identified as follows:

Area 1.- Lake Erie drainage (part 4) from and including 
Huron River eastward through Conneaut Creek and 
Ohio P iver drainage (part 3) from and including



Little Beaver Creek upstream through the Mahoning 
basin (glaciated area).

2.- Ohio River drainage south of Short Creek 
downstream to, but not including, the Little 
Scioto Fiver, except the Tuscarawas River 
drainage upstream from and including 
Stillwater creek (unglaciated area).

3.- Ohio Piver drainage downstream from and including 
the Lit.tle Scioto River through the Great fliami River 
basin including the Mississinewa River and Wabash 
Piver basin drainage in Ohio (glaciated area).

Area u.- Lake Erie drainage from the Michigan-Ohio state 
boundary line eastward through the Maumee P.iver, 
Portage River, and Sandusky River basins to, 
but not including the Huron River 
basin (glaciated area) .

5.- Ohio Piver drainage downstream from, but not 
ircluding, Little Beaver Creek to and including 
S^ort Creek and all of the Tuscarawas Piver - 
basin upstream from and including 
Stillwater Creek.

Additional regressions were made to determine the relation 
of drainage area to residuals and standard error of estimate. 
All 214 stations, which represents the total area of the state, 
wer = divided into nine bipartite groups (groups divided into two 
nar^s), depending upon whether their drainage areas are greater 
*han or less than 1, 2, 5, 10, 20, 30, 50, 75, and 100 square 
miles (3, 5, 13, 26, 52, 78, 130, 19U, and 259 km2). Regressions 
for Oz. were performed for each of the nine bipartite groups. 
Comparison of standard errors of estimate and basin parameters 
did not show any significant variation, which indicated that one 
regression curve could be used for the Q t flood. Thei;, 75 
stations in area 3 (the area with the largest number of stations) 
w^r« regressed at Q t , Q s , Q« , Q& , 2 SO , and Q^ for the 
bioartite groups of stations for drainage areas of 5 ar.a 10 
square miles (13 and 26 km 2 ). The standard errors of estimate

10



were improved only by 1 and 2 percent, respectively, at the 5 and 
10 square mile (13 and 26 km 2 ) division points. Plots of 
residual against drainage area at Q z , Q 25 , and 0^, revealed that 
residuals varied randomly with drainage-area division and were of 
similar magnitude to those without drainage-area division for the 
same frequency floods. These studies indicate that drainage-area 
division would not significantly improve the regional flood 
frequency curves. Therefore, one regression equation would 
define a flood discharge of specific recurrence interval for any 
size drainage area. A summary of final regression equations for 
the five geographic areas is given in tables 1 , 2 t 3, 4, and 5. 
Initially, all parameters significant at the 5 percent level were 
included. Subsequently, the least significant parameter was 
cropped until only the most significant parameter (drainage area) 
remained. The change in percent standard error of estimate 
indicates the loss of accuracy resulting from elimination of 
tasin parameters. The equation having the smallest standard 
^rror of estimate for the peak discharge desired is recommended 
for use.

^he regression coefficients for average basin elevation (£) 
ire negative for area 3. Elevation regression coefficients are 
normally positive. The negative coefficients in area 3 are 
explained by the fact that the highest part of the area is flat 
and the slopes and mean basin relief are greater iL the basins or 
lowar el9vation of that area.

11



Table 1.   Summary of regression equations for area I

Model, based on 40 gaging stations r is Q r = aA*Sly St z , 
where;

QT = discharge is ft 3/s for a T year recurrence interval,
A = drainage area in mi 2
Si = main-channel slope in ft/mi
St = percentage of the drainage area occupied by lakes,

ponds, and swamps in percent plus 1.0, 
a = regression constant, and 

x,y,z = regression exponents.

Equation 
number

Exponent of basin
characteristic 

Peak
flow Main Standard 

charac- Hegres- Drainage channel error
ter- sion area, slope. Storage of 
istic constant A SI St estimate, 

Q T a- (x) (y) (z) percent

1a
1b

55.8
91.0

0.791
.735

0*174 -0.297 30* 
36

2a
2b

91.2
152

.768

.708
.185 -.334 29* 

36

3a
3b

ao 115
196

.760

.697
197 -.359 29* 

37

4a
4b

145
257

.754

.686
.211 -.389 30* 

39

5a 
5b so

166
304

.752

.681
.222 -.411 31*

40

6a 
6b ioo

186
352

.752

.677

* Equations recommended for use.

.235 -.431 32*
43

12



Table 2.   Summary of regression equations for area 2 

el, based on 46 gaging stations, is QT = aAx S1Y
where ;

Or = discharge in ftVs for a T year recurrence interval, 
A = drainage area in mi* 

Si = main-channel slope in ft/mi
a « regression constant, and 

x,y = regression exponents,

Peak
flow

charac- Regres-
^qoation ter- sion
number istic constant

Q T a

7a Q 2 42.6
7b Q 2 116

3a 0 5 45.4
8b Q, 239

°3. Q 10 47.4
Q b Q 10 347

10a Q 2S 49.5
10b Q 513

11a 0 50 50.9
lib Q so 659

12a Qtoo 52.6
12b Q^ 826

Exponent of basin
characteristic

Main Standard
Drainage channel error

area, slope, of
A Si estimate,

(x) (y) percent

0.802 0.225 33*
.702 - 35

.820 .373 28*

.654 - 34

.830 .447 27*

.630 - 35

.842 .525 27*

.608 - 38

.850 .575 29*

.594 - 41

.857 .619 32*

.582 - 45

* Equations recommended for use.
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Table 3.   Summary of regression aquations for area 3

lodel, based on 32 gaging stations, is QT = aAw Si*2y ? r , 
where;

QT = discharge in ft 3/s for a T year recurrence interval,
A = drainage area in mi 2 ,
31 = main-channel slope in ft/mi,
3 = average basin elevation index in 1,000' s of 

feet above mean sea level,
? = average annual precipitation, in inches, 

minus 27. 0,
a = regression constant, and 

w,x,y,z = regression exponents-

Exponent of basin characteristic
Peak Average Average
flow Main basin annual Standard

charac- Pegres- Drainage channel ele-
Equation ter- sion area slope vation

istic constant A 31 S

13h
7.27

mo

(w)

0.771
.698

(x)

0.244

(7)

-1.54

precip- error 
itation of

? fsrimate, 
(z) percent

0.302 27* 
47

13.0
252

.751

.672
259 - 1 . 4U 735 26*

15b
17.5

337
.743
.661

267 -1.39 769 27*
46

16b Qzs
23.9 .735

.650
277 -1.35 750 30*

46

17a 
17b

29. 1 
5U7

.732

.643
284 -1.32 732 32* 

49

16a 
18b

Qioc 34.7 
Qloo 643

.729

.638
290 718

51

Equations recommended for use.



Table 4.   Summary of regression equations for area 4

Model, based on 33 gaging stations, is QT = aA* Sly P 2 
where;

QT = discharge in ft 3/s for the T year recurrence interval,
A = drainage area in mi 2 ,
SI = main-channel slope in ft/mi,
P = average annual precipitation, in inches, minus 27,
a = regression constant, and 

x,y,z = regression exponents.

Equation

Exponent of basin
characteristic

Peak Average 
flow Main annual Standard 

charac- Regres- Drainage channel precip- error 
ter- sion area, slope, itation of

umber

19a
19b

20a 
20b

21a
21b

22a
22b

23a
23 b

24a
24b

istic
Qr

Qz
Qz

Qs 
Qs

QIO
. QI*
Q*

G*

Q 50C 5so

Q*x>
Qloe

constant
a

1.44
52.1

4.21 
84.3

6,59
107

10.9
136

14,4
157

17.9
179

A
(x)

0.834
.762

.800 

.738

.784

.726

.767

.712

.757

.703

.748

.696

SI
(y)

0.310
 

.264

.247
 

.231
 

.222
 

.216
-

P
(z)

1. 35
 

1. 12

1. 04
 

.929
 

. 875
 

.839
-

estimate,
percent

29*
38

30* 
35

31*
35

32*
35

32*
35

33*
36

* Equations recommended for use.
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Table 5. Summary of regression equations for area 5

Sodel, based on 14 gaging stations, is QT = aAx Sly 
where;

QT = discharge in ft 3/s for the T year recurrence
interval,

A = drainage area in mi 2 , 
SI = main-channel slope in ft/mi, 
a = regression constant, and 

x,y = regression exponents.

Exponent of basin 
characteristic

Equation 
number

25a
25b

26a
26b

27a 
27b

28a 
28b

29a 
29b

30a 
30b

Peak 
flow 

charac 
ter 

istic

ii
Qs

o!o°

Qzs

OM

QGO

Regres 
sion 

constant 
a

25.1 
91.0

39.3 
163

51.9 
221

71.9 
303

91.2 
372

114 
447

Drainage 
area, 
A 

(x)

0.775 
.651

.750 

.613

.733 

.594

.713 

.574

.697 

.562

.682

.550

Main 
channel 
slope, 
SI

(y)

0.317

.350

.356

.353

.346

.336

Standard 
error 
of 

estimate, 
percent

36* 
37

37* 
40

38* 
40

39*
41

40* 
42

41* 
43

* Equations recommended for use.
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APPLICATION OF REPORT DATA

Methods for computing flood-peak discharges with recurrence 
intervals between 2 and 100 years are outlined in this section. 
These methods should only be used for unregulated streams with 
drainage areas between 0.1 and 7,400 square miles (0.26 and 
19,200 km 2 ). They should not be used for areas where flood flows 
are significantly affected by regulation or wnere there is runofr 
from urban areas. Many streams in Ohio are affected by 
regulation, as indicated in table 6, and special methods, outsid* 
rh? scope of this report, should be used for flood zrequency 
computations for regulated streams. In general, flood p^aks were 
considered to be significantly affected by regulation if 103 (or 
sore) acre-ft/mi 2 (^9,000 m 3/km 2 ) of usable storage capacity was 
available in the drainage basin (Benson, 1962). Regulated flew, 
station data identified in table 6 as type "R", has no regional 
significance; such data should only be used for estimates for 
sites at or near the gage and on the same stream.

For sites a+ a gaging station, or sites on the s-ime stream 
wnose drainage area is within 5 percent of the drainage area of 
^-he aaging station, use the gaging station flood frequency aata 
indicated in table 5 as type "N" flow.

If the drainage area for the site is within 1/2 to 2 tia-is 
that of a gaging station on the same stream, compute a site 
correction factor (Ks) and multiply it by the site peak  iischarue 
computed by the regression eguation. Site correction factors 
(Hannu , 1976) (upstream or downstream) are computed as zolicws:

'"'or 3. site downstream from gage,

Ks = (Kg-1) (2-As/Ag) +1 (31) 

^or a site upstream frcm gage,

Ks = (Kg-1) (2As/Ag-1) +1 (32)
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where ;

.Ks = ratio of final flood magnitude for the site to 
regression value for the site,

Kg = ratio of flood magnitude based on gage 
records (table 6) to the corresponding 
regression value for the gage,

Ag = drainage area for gage, and 

as = drainaae area for sitp.

The geographic-area boundaries follow drainage-area 
boundaries except where the boundary between areas 5 di.d 2 
crosses the Tuscarawas River. (See fig. 1.) The Tuscarawas 
p iver is regulated below Dover Dam. Therefore the regulated 
frequency dana (table 6, type "R" flow) for Tuscarawas Fiver 
below r>ov°r Dam near Dover (03122500) and Tascarawas aivej. at 
^^wcomerstown (03129000) should be usad for estimates ii. -his 
r^ach of the Tuscarawas River. Pealc discharge may be estimated 
for any site en the Tuscarawas Piver in this reach by 
interpolation on the basis of the ratios of th? 
drainage areas raised to the 0.6 power.
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The Maumee Fiver basin above Antwerp (04183500) was 
originally separated, because of a geographic bias in residuals, 
from area '4 and studied as an independent geographic area. Due 
to a limited number of stations (7) and bias in the drainage area 
distribution, no valid regression equations could be developed. 
The final decision was to incorporate it into area 4 (33 
stations), for which regression equations were developed. 
However, owing to bias in residuals in the area above Antwerp, 
station frequency data should be used in preference to the area 4 
regression equations for the main stems of Maumee River, St. 
Joseph River, St. Marys River, and Cedar Creek. Area 4 
regression equations may be used for estimates for areas less 
than 50 square miles (130 km 2 ) within the area upstream from 
Antwerp.

The recommended procedure for estimating flood discharge 
for a desired frequency is summarized as follows:

(1) Check fig. 1 and table 6 to determine if stream-gage 
frequency data are available for the site in question. If gage 
data (table 6, types "N" or "P") are available, use discharge as 
tabulated for the desired frequency.

(2) When the site is on the same unregulated stream as one 
or more gaging stations and its drainage area is within 1/2 tc 2 
times the gaged drainage areas, transfer available data (table 6, 
type "M") to the site through use of the appropriate procedures 
described previously and shown later in the illustrated examples. 
?or a site downstream use equation 31 and for a site upstream use 
eauation 32.

(3) When the site is on an unregulated stream for which no 
stream-gage data are available, use the appropriate regression 
equation, as listed in tables 1-5.

Liroitations^and Recommendations

regression equations should be used only for unregulated 
streams and not for streams draining urban areas. Frequency
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relations for regulated streams must be based on station data. 
Many streams in Ohio are regulated; table 6 identifies major 
streams that are presently regulated as having type "H" flow. 
New reservoirs are constantly being constructed, resulting in 
changes in regulation. The user is cautioned to look for man- 
Tade changes in the drainage basin, upstream from the site, that, 
could alter floodflows. Flood frequency for regulated stream 
basins should be studied. Streamflow modeling techniques have 
beer, developed and are available for this type analysis.

Very little urtan area flood data are available in Ohio, but 
a current, comprehensive project on the hydrolcgy cf urban areas 
will undoubtedly provide flood data in the near future. Present 
da*ii from two urban stations indicate that urbanization 
substantially increases flood magnitudes particularly for floods 
with recurrence intervals of 10 years and less. Thus, the 
regression equations should not be used for urban areas because 
such estimates will be low.

Numerous urban-hydrology investigations have been conducted 
and several are summarized briefly below. The effect of urban 
development on direct runoff was studied in East Meadow Brook, 
Long Island, New York (Seaburn, 1969). That study indicates that 
urDanization increases peak runoff from 1.1 to u.6 times with an 
average increase of 2.5 times. The effects of urban development 
wer» studied in northern Virginia (Anderson, 1970). In that area 
the study indicated that urban development increases flood --eaks 
by a factor of 2 to 3. The effects are, however, more profound 
on floods of small recurrence intervals than on floods of larger 
recurrence interval. An urban-hydrology study conducted in 
Houston, Texas (Johnson and Sayre, 1973) indicates that 
urbanization increases the 2-year flood by a factor of 9 and the 
50-year flood by a factor of 5. An investigation of the effects 
of urbanization in New Jersey (Stankowski, 197U) indicates taat 
urban development increases the flood peaks up to 3 times at the 
2-vear recurrence interval and up to 1.8 times at the 100-year 
recurrence interval.

Though no report of the effects of urban development or. 
flood peaks is available for Ohio, the results of the aoove 
investigations provide some indication of the range of reported 
increases in peak discharges resulting from urban development.

Some flood data are available for heavily-forested ar^as in 
Ohio. These data indicate that use of the regression equations 
for a heavily forested area will yield estimates that a re too
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high. Thus, caution should be exercised when interpreting the 
results of regression equations applied to heavily forested 
basins.

No flood data are available for strip-mine areas in Ohio. 
If the area has been reclaimed by smoothing and reseeding the 
spoil banks, the regression equations may be applicable. If the 
area is not reclaimed, with high-bank cuts, pools of water, and 
spoil banks left untouched the regression equations can only be 
used with uncertainty; the regression sample contained no data 
from this type of basin. Some studies of strip-mined basins, 
however, indicate that those basins may produce reduced (from 
natural) flood peaks.

The results of this report indicate that the following 
investigations should be made in the future:

(1) To more accurately determine the magnitude and frequency 
of floods in the western portion of area u.

(2) To accurately determine the effects of various type of 
land use urban, forested and s-tri? mined   on the magnitude and 
frequency of floods.

This could be accomplished with a revised state-wide network 
of small drainage area sites that would be selected with tae 
above objectives in mind. This would provide a check on the 
regression equations presented and make available additional data 
for determining the effects of land use. Additional stream 
gaging stations in geographic area H r especially upstream from 
Defiance, would provide needed hydrologic data in that area.

Illustrative examples

In the following illustrative examples, some of the sites 
are at gaging stations. Station frequency data should £e used, 
when available, in such instances. The regression equations are 
applied here for illustrative purposes only.
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-JLs. " The 100-year peak discharge is required tor a 
site in the Sandusky Rivsr basin in geographic area 4.

The site characteristics are:

Drainage area = 66.2 ini 2
Slope = 7.0 ft/mi
Precipitation = 35.0 less 27.0 = 8.0 in

The equation to use is 24a in table 4:

Qioo = 17.9AO - 748 S lO-2l6pO-839

= 17.9 (66.2) o* 7 * a (7.0) 0-21* (8.0) 0-039
= 17.9 x 23.0 X 1.52 x 5.72
= 3590 ft3/s

The site, in this example, is actually at the gaging station fcolf 
Creek at Bettsville (04197300) , for which the observed Qa0o is 
3120 ftVs.

Examsie _2^ - The 100-year peak discharge is required for a 
verv small ungaged area in southwestern Ohio in geographic area
3.

The site characteristics are:

Drainage area = 0.29 ini 2 
Slope = 93.0 ft/mi 
Flevation index = 946-5-1,000 = 0.946 ft 
Precipitation = 38.0 less 27.0 = 11.0 in

The euation to use is 18a in table 3.

Qioo = 34.7A 0 * 729 Sl°* 290 E- l ' 3 °P°* 7ia
= 34.7 x (0.29) 0*729(93) 0-290 (0.946) -i-30 (11.0) o-7i fa
= 315 ft3/s
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This site is actually at the gaging station for Blake Run near 
Seily (03274100), for which the observed Qioo = 292 ft^/s. This 
is an example where the computed regression data check the 
observed station data very well.

_3.._ - The 25-year peak discharge is required for an 
ungaged site in geographic area 2, downstream from the gaging 
station. Licking Siver near Newark (03146500).

The equation to be used is 10a in table 2.

Basin characteristics for the site are:

Drainage area = 672 mi2 

Slope = 8.21 ft/mi

Gas at site = 49.5 x (672) ° " * + * (8. 21) o'S2 s = 35,900 ft^/s

However, table 6 shows the observed Q 2S for the gage site is 
30,100 ft 3/s; solution of the regression equation gives a Q^ ci 
34,200 ft 3/s for the gage. A correction should be applied to tht 
computed 025 = 35,900 ft^/s for the ungaged site.
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The correction factor for a site downstream, with a drainage area 
less than twice that at a gage is computed using equation 31, Ks 
= (Kg-1) (2-As/Ag) +1; where Ag = area at gage and As = area at 
site. Her.ce: Correction factor at gage = Kg = Qg/Qr = 30,1007 
34,200 = 0.880.

Ks = (0.880-1) (2-672*537)+1 = 0.910

Final Q^ at site = 0.910 x 35,900 = 32,700 ft^/s

The site, selected for this example, is at the discontinued 
gaging station, Licking River at Toboso (03147000) , for which the 
observed Q 25 is 34,400 ftVs.

E^xarapl^e _JU_ - The 50-year peak discharge is required tor a 
site located between two gaging stations on the same stream in 
geographic area 2. Gaging stations and site data are:

50-year flood 
Drainage __ifllZJiJ__ 

Gage area 
Location HJUJjer 15L1LL Observed Com£u_tea_

Licking P. near Newark    03146500 537 35,300 41,500
Site -                 - 672
Licking P. at Dillon      03147500 742 51,500 39,200

Site basin characteristics are:

Drainage area = 672 mi 2
Main channel slope =8.2 ft/mi

Equation to use is 11a, table 2:

Q 50 = 50.9A°* asosio-575
Qso at site = 50. 9 (672) ° - as° (8 .2) o- 575 = 43,100 ft_3/s
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A correction for a site with less than twice the drainage area of 
an upstream gage should be applied to the computed Qso utilizing 
equation 31 as follows:

Correction at upstream gage = Kg = 35,300/41,500 = 0.851 
Correction at site = Ks = (0.851-1) [ 2-(672/537) ]+1 = 0.888

\ correction for a site more than half the drainage area of a 
downstream gage should be applied to the computed Q50 utilizing 
equation 32.

Correction at downstream gage = Kg = 51,500/39,200 = 1.314 
Correction at site = Ks = (1.31 a-1) [ 2(672/742)- 1 ]+1 = 1.255

^he average of the two Ks correction factors should be applied 
since both an upstream and a downstream gage are available:

Average Ks = (0.888+1.255)/2 = 1.072 

^inal QJO for site = 43,100 x 1.072 = 46,200 ft3/s

The site in this example is actually at the discontinued gaging 
station Licking Fiver at Toboso (03147000) for which tire observed 
QSO is 40,400
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REGULATED STREAMS

The regression equations in tables 1 to 5 should not be used 
on the currently regulated streams listed below.

Regu^ated^Ohio streams, as^of r 1975 

Geographic Area 1

Cuyahoga Piver from East Branch Lake to
Lake Rockwell

Little Cuyahoga River below Mogadore Lake 
Mahoning Piver below Berlin Lake 
West Branch Mahoning Fiver below

tf.J. Kirwan Lake
Mosquito Creek below Mosquito Creek Lake 
Meander Creek below Meander Creek Lake

Geographic Areas 2 and 5

Ccnotton Creek below Leesville Lake
Sandy Creek below Bolivar Reservoir
Tuscarawas River below Dover Reservoir
Sugar Creek below Beach city Reservoir
Stillwater Creek below Piedmont Lake
Little Stillwater Creek below Tappan Lake
Black Fork below Charles Mill Lake
Clear Fork below Pleasant Hill Lake
Lake *ork below Mohicanville Reservoir
Mohican River
North Branch Kokosing River below North Branch

Kokosing River Lake
Walhoading River below Mohawk Reservoir 
Muskingum River
Seneca Fork below Senecaville Lake 
Salt Fork below Salt Fork Lake 
Wills Creek below Wills Creek Reservoir 
Licking River below Dillon Lake 
Hunters Run 
Hocking River above Rush Creek
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Geographic Area 3

Scioto Piver below Olentangy River 
Olentangy River below Delaware Lake 
Big Walnut Creek below Hoover Lake 
Alum Creek below Alum Creek Lake 
Deer Creek below Deer Creek Lake 
Paint Creek below Paint Creek Lake 
Rocky Fork below Rocky Fork Lake 
Caesar Creek below Caesar Creek Lake 
Little Miami Fiver below Caesar Creek 
East Fork Little Miami River below East

Fork Little Miami Lake
West Fork Mill Creek below West Fork Lake 
lill Creek below West Fork Mill Creek 
Loramie Creek below Lockington Reservoir 
Miami River below Loramie Creek 
Stillwater River below Snglewood Reservoir 
Buck Creek below C.J. Brown Reservoir 
Mad Piver below Buck Creek 
Twin Creek below Germantown Reservoir 
Whitewater River below East Fork Whitewater

Piver

Geographic Area 4

No -streams are significantly affected by 
regulation

Many years of record are available for regulated streams as 
shown in table 6 under type "R" flow (regulated). Peak discharges 
in table 6 are for periods when regulation remained virtually 
constant; recurrence intervals for which peak discharges are 
reported have been limited to twice the length of record. These 
discharges may be used as estimates for sites at or near the- 
gaging station on the same stream. If, however, a new reservoir 
is constructed or the operational procedures are changed for ar. 
existing reservoir within a regulated-stream basin, the frequency 
data in table 6 will no longer be applicable*
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MAXIiMOM FLOODS IN OHIO

Maximum known floods for gaging stations are listed in table 
6. Many-peak discharge determinations by indirect methods have 
oeen made by the U.S. Geological Survey and other agencies. All 
unit peak discharges with flyers ratings of 5 or more are plotted 
against drainage area on fig. 4. The Myers rating is one way to 
rate the severity of floods. The formula is

M = Q/100(D.A.)
wh

M = Myers rating in percent,

Q = Peak discharge in ft 3 /s, and

D.A. = Drainage area in mi2 .

Myers ratings for the 100-year floods in Ohio are generally 
.between 10-and 20- percent. The 60 percent Myers rating envelope 
appears to be a good estimate of the upper limit of floocs in 
Ohio.
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